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Shigeo Masuyama* : The gametophyte of Pleurosoriopsis 
makinoi (Maxim.) Fomin 

: io 5 * iF '> 

Pleurosoriopsis makinoi (Maxim.) Fomin, the sole species of the genus, 
is a small fern growing among mosses on rocks in wet gullies in Japan, 
Korea, north China and the Amur region of USSR. It was treated as an 
asplenioid fern by Christensen (1938) and Ching (1940), but later assigned 
to the Pteridaceae by Copeland (1947). More recently, Holttum (in Willis, 
1966) kept it in the gymnogrammoid group, though he (1949) had tentatively 
treated it as an asplenioid fern. In these discussions, however, little at¬ 
tention has been paid to the gametophyte characters. In this paper, an 
account will be given to the gametophyte morphology of this species and a 
discussion will be made for the relationships between this species and 
various species of other genera. 

Materials and methods The fertile fronds of P. makinoi were collected 
on Mt. Jii-dake, Toyama Pref. in November 1971 and on Mt. Iide, Niigata 
Pref. in November 1972. The gametophytes growing in the field were col¬ 
lected on Mt. Ojika, Fukushima Pref. in May 1974 and they were compared 
with cultivated ones. The fertile fronds were washed well with running 
tap water and kept within clean drag-papers to allow shedding their spores. 
The spores were sown on an inorganic nutrient medium in small Petri-dishes. 
The medium was four-fold diluted Knop’s solution supplemented with 2 cc 
of soil extract (supernatent of autoclaved solution containing 40% soil) 
per liter and solidified with 1% agar. For the cultivation of gametophytes, 
the Petri-dishes were placed in a growth chamber (23±1°C and about 2000 
lux, but illuminated for 12 hours a day with white fluorescent tubes). 
Mature gametophytes were fixed in Craf I and sectioned following the 
usual paraffin procedure. Some mature gametophytes were transferred on 
soil in small clay pots kept in a greenhouse for a long-term culture. Camera 
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lucida drawings were made of sections and external features of the game- 
tophytes. 

Observation The spores are bilateral with slightly scabrate surface. 
They are chlorophyllous (Fig. 1). The first and, sometimes, the second 
divisions took place within the spore coat before they were shed from 
sporangia (Fig. 2). The first wall was parallel to the polar axis of the 
spore and the resulting two cells were almost equal in size (Fig. 3). These 
two cells became more or less globose and were divided into two cells 
respectively by the second wall parallel to the first wall (Figs. 4-6). Sub¬ 
sequent divisions took place in one of the terminal cells to form a filament 
of gametophyte (Figs. 9-11). 

When the filaments reached four- to six-cell stage (in about two weeks 

after the spore-sowing), the first 
rhizoid was formed on one of 
the terminal cells or the cell next 
to one of the terminal cells of 
the filament (Figs. 7-8). It was 
hyaline at first, turning into pale 
brown later. The second rhizoid 
was formed on the cell next to 
the cell with the first rhizoid 
Fig. 1. A spore containing chloroplasts, x450. (Fig. 9), but sometimes on the 




Figs. 2-12. Germination of spores and early stages of development of gametophytes, xlOO. 
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same cell that formed the first rhizoid (Fig. 10). 

In about one month after the sowing, when the filaments were composed 
of six cells or more, they started forming the primary plates of gameto- 
phytes (Fig. 11) ; the first longitudinal division occurred in a cell which 
was located two or three cells behind the tip of the filament, and the sub¬ 
sequent vertical and longitudinal cell divisions followed it. About a half 
month later, oblique divisions occurred in the apex of the plate and a 
wedge-shaped cell was formed (Fig. 12). 

In about three months after the sowing, when the gametophytes were 
spatulate, small protrusions arose from the cell at the lower margin of 
the plate to form brownish marginal rhizoids (Fig. 13). 

In about ten months after the sowing, the gametophytes attained 
maturity to produce sex organs. They were thalloid and formed several 
secondary plates on the primary plate (Fig. 14). The secondary plates 
developed from a wedge-shaped cell at the margin of the primary plate 
(Figs. 15-16) or they were formed by the meristem in the apex of the primary 
plate (Fig. 18). At the tips, these secondary plates had meristems which 
were not clearly defined (Fig. 17). The primary and secondary plates formed 
cushions, sex organs and hairs. 

The cushion was formed on the median plane of the plate. It was only 
two or three cells thick, narrow and discontinuous. Archegonia and 
rhizoids were formed on its ventral side. 

Archegonia were formed in the cushion at some distance from the apex 
of the plate. Their developmental sequence is shown in Figs. 20-25. The 
division of the central cell into a ventral canal cell and an egg cell occurred 
after the neck canal cell had reached binuclear stage (Figs. 22-24). In 
mature archegonia, the neck was composed of four rows of cells and each 
row consisted of longitudinally arranged six to seven cells (Fig. 19). 

Antheridia were formed on the margin of only the secondary plate 
after a number of archegonia were produced on the cushions of the primary 
and secondary plates (Fig. 26). Their developmental sequence is shown in 
Figs. 27-32. In mature antheridia, the wall consisted of three cells: a 
funnel-shaped basal cell, a ring cell and a cap cell (Fig. 31). The sperms 
were released through a pore formed on the lateral side of the cap cell 
(Fig. 32). 
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Figs. 13-18. Young and mature gametophytes. 13. Young gametophyte, x40. 14. Mature 
gametophyte, X5. ar, archegonium; h, hair; rh, rhizoid. 15-16. Early stages in de¬ 
velopment of branch, x95. 17. Apical part of the plate I shown in Fig. 14, x80. 

18. Apical part of the plate II shown in Fig. 14, x80. 

The hairs were formed on the cushions or less frequently on the 
margins of some well-developed gametophytes (Fig. 14). They were usually 
composed of two or three cells and had a unicellular hyaline appendage 
(Figs. 33-36). Sometimes, however, four- to six-celled hairs with two or 
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Figs. 19-32. Sex organs. 19. Mature archegonium, x210. 20-25. Stages of development of 
archegonia, X210. pnc, primary neck canal cell; c, central cell; b, basal cell; nc, neck 
canal cell; vc, ventral canal cell; e, egg cell. 26. Antheridia on margin of plate, x45. 
27-32. Stages of development of antheridia, x210. c, cap cell; r, ring cell; b, basal cell. 


three prolonged hyaline appandages were observed (Fig. 37). The cells of 
hairs were somewhat inflated and contained chloroplasts, though one or 
two distal cells lacked chloroplasts in mature stages. The terminal cell 
of hairs appeared to be a glandular cell, but no secretion was observed. 

The gametophytes more than about one and half years old, which had 
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been transferred on soil, had numerous secondary plates. These plates 
were far more slender than the primary one and produced many gemmae 
on their margins (Fig. 38). The gemma originated from a small protrusion 
on a marginal cell and developed into a narrowly elliptic plate by sub¬ 
sequent cell divisions, as illustrated in Figs. 39-43. The terminal cell and, 
sometimes, the basal cell of gemma bore a papilla (Fig. 38). The gemmae 
were easily detached from the plates and developed into independent 
gametophytes. 



Figs. 33-43. Hairs and gemmae. 33-37. Hairs on filament (33), margin (34) and ventral 
surface (35-37), X210. 38. Gemmae on margin of plate, x50. 39-43. Stages of develop¬ 
ment of gemmae, xlOO. 
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Morphological characters mentioned above have been also observed in 
gametophytes growing in the field (collected on Mt. Ojika, Fukushima Pref.) 
and no notable difference has been found between gametophytes growing 
in the field and cultivated in the laboratory. It may be noted that culti¬ 
vated gametophytes transferred on soil are still continuing to form new 
plates and gemmae in the laboratory, even though it has been nearly three 
years since the sowing. 

Discussion The formation of the first wall perpendicular to the polar 
axis of the spore is most commonly found in spore germination of ferns. 
However, in Pleurosoriopsis, the first wall is parallel to the polar axis of 
the spore. Nayar and Kaur (1971) are of opinion that this type of spore 
germination is characteristic of the gleichenioid-polypodioid group. Many 
species of the Gleicheniaceae and Polypodiaceae* actually show this type, as 
reported by Stokey (1950), Nayar (1967) and so on. However, some species 
of the Polypodiaceae do not follow this type, as pointed out by Nayar and 
Kaur (1971). Furthermore, this type of spore germination has been observed 
also in some species of several other groups: Lomariopsis rosii in Aspidiaceae 
(Atkinson, 1973), for example. Therefore, the formation of the parallel 
wall does not seem to be a common character in certain groups which are 
phyletically related each other. It is noteworthy that, in most species 
which follow this type, the first division of spore takes place while the 
spore is kept in the spore coat, a feature quite rare in ferns. 

The spatula-shaped gametophyte with obscure terminal meristem is 
relatively common in species of Hymenophyllaceae, Polypodiaceae and Vit- 
tariaceae. They are, for example, Hymenophyllum acanthoides (Stokey, 1940), 
Loxogramme salicifolia (Momose, 1967), Vittaria lineata (Wagner & Sharp, 
1963) etc. However, gametophyte of this type has been observed in several 
species of other unrelated families such as Anogramma leptophylla in Pteri- 
daceae (Goebel, 1877), Arthropteris tenella in Davalliaceae (Atkinson, 1973) 
and Lomariopsis hederacea in Aspidiaceae (Atkinson, 1973). These species 
are mostly rupicolous or epiphytic, as in the case of Pleurosoriopsis. The 
spatula-shaped gametophyte with obscure terminal meristem, therefore, 


* In this discussion, genera and families are used in the sense of Copeland 
(1947). 
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seems to be associated with such habit. 

Although multicellular hairs are widely distributed in the fern game- 
tophytes (cf. Stokey, 1960; Nayar & Kaur, 1973), hairs similar to those of 
Pleurosoriopsis makinoi are found only in some species of the Davalliaceae, 
Aspleniaceae, and Polypodiaceae. Among species of the Davalliaceae and the 
Aspleniaceae, some species such as Nephrolepis cordifolia and Ceterach off- 
cinarum form three- to seven-celled hairs (Stokey, 1960). As in hairs of 
Pleurosoriopsis, in addition, these hairs are composed of more or less in¬ 
flated cells, which contain chloroplasts except for in cases of a few distal 
cells. However, they are usually simple and have no appendage, while 
those of Pleurosoriopsis have appendages. Multicellular hairs of Arthropteris 
tenella (Davalliaceae) resemble those of Pleurosoriopsis in having some ap¬ 
pendages. However, these hairs are appressed to the margin of gametophytes 
and entirely lack chloroplast (Stokey, 1960). These multicellular hairs found 
in the Davalliaceae and the Aspleniaceae, therefore, are different from those 
of Pleurosoriopsis in certain aspects. In contrast, many species of the 
Polypodiaceae form multicellular hairs which are quite similar to those of 
Pleurosoriopsis. They are some species of Platycerium (Stokey & Atkinson, 
1954), Pyrrosia and other genera (Stokey, 1960), Polypodium and other genera 
(Nayar, 1962), Microsorium and other genera (Momose, 1967, 1968). As in 
Pleurosoriopsis, hairs of these species are composed of more or less inflated 
three to seven cells, which contain chloroplasts except for in cases of a few 
distal cells, and have one or more hyaline appendages. The similarity in 
morphological features of hairs mentioned here seems to indicate the close 
relationship between Pleurosoriopsis makinoi and species of the Polypodiaceae. 

The gemma formation of gametophytes has been known in the following 
species : Vandenboschia auriculata and some species of the Hymenophyllaceae 
(Stokey, 1948; Stone, 1958; Farrar & Wagner, 1968; Yoroi, 1972), Xiphopteris 
serrulata and some species of the Polypodiaceae (Stokey & Atkinson, 1958; 
Nayar, 1963), and Vittaria lineata of the Vittariaceae (Farrar, 1967). 
Gemmae of these species are very variable in shape and they are also dif¬ 
ferent from those of Pleurosoriopsis. It is noteworthy that these species, 
including Pleurosoriopsis makinoi, are all rupicolous or epiphytic. In con¬ 
nection with this, it should be noted that gemmiferous gametophytes are 
usually found on dump rocks, where the light intensity is very low (Farrar, 
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1967) and various rupicolous or epiphytic ferns grow well. The gemma 
formation, therefore, seems to be a character associated with the rupicolous 
or epiphytic habit of these species. 

Other characters of the gametophyte of Pleurosoriopsis makinoi, such as 
sex organs, are commonly found in other species of the Leptosporangiate 
ferns. 

The gametophyte of Pleurosoriopsis makinoi shows several features 
which are rarely found in fern gametophytes. As discussed above, most 
of these features seem to be associated with the rupicolous habit. However, 
morphological features of hairs of P. makinoi show considerable similarities 
to those of the Polypodiaceae. Therefore, P. makinoi seems to be most 
closely related to the Polypodiaceae at least in regards to the gametophyte 
morphology. 

I would like to express my sincere thanks to Prof. Emer. Hirosi Ito of 
Tokyo Kyoiku University and Dr. Kunio Mitui of Nippon Dental College 
for their kind guidance and advice through this study. 
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